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(54) Controlled porosity endovascular implant 

(57) A covered stent for treating a stenotic region in 
a blood vessel. The stent covering has different poros- 
ities in different regions. In those regions, typically the 



ends, where tissue ingrowth and re-endothelialization 
are desired, the stent covering is more porous, and in 
those regions were it is desirable to inhibit such in- 
growth, the stent covering is substantially non-porous. 
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Description 

Background of the Invention 

The present invention relates generally to a control- 
led porosity endoprosthesis implant and, more specifi- 
cally, to a stent covering for treating a damaged or sten- 
otic artery or blood vessel. 

Endoprosthesis implants, and more particularly 
stents, are commonly used to treat resteiiosis of blood 
vessels or other damaged passageways or ducts in the 
body, like bronchi or the esophagus. These devices are 
often used as adjuncts to balloon angioplasty to reduce 
the amount of artery recoil, blockage return or resteno- 
sis after the angioplasty procedure has been performed. 
Different designs of stents include balloon expanded, 
self -expanded and/or thermally expanded designs that 
do not use a balloon for initial delivery. A stent is implant- 
ed into a stenotic region of a damaged vessel such that 
its length bridges the damaged portion and its ends en- 
gage undamaged or healthy tissue. The stent re-ex- 
pands the opening of the vessei thus allowing improved 
blood flow. 

Covered stents, and vascular grafts sutured to 
stents, may be used to treat restenosis of atherosclerot- 
ic disease and clot-filled arteries that are not success- 
fully treated with angioplasty or bare stents. Because 
these arteries often require invasive surgical by-pass 
grafting which may jeopardize a patient's survival, a cov- 
ered stent is a desirable alternative. Other vascular dis- 
eases can also be treated with covered stents, including 
aneurysms, arterio-venous (A-V) fistulas, trauma, dis- 
sections, shunts through the liver, and malignant sten- 
osis of biliary ducts. 

Covered stent implants may be comprised of a stent 
having an expandable frame structure covered with a 
polymer material such as polytetrafluoroethylene (PT- 
FE) If the material is porous then cells, tissue and cap- 
illaries can penetrate through the pores, thereby pre- 
venting migration of the endoprosthesis implant and al- 
lowing the blood vessel to be re-endothelialized with 
new healthy tissue. However, if the stent covering is too 
porous, there may be a tendency for diseased tissue to 
transfer itself to the newly created intima and damage 
the healthy tissue. Conversely, if the stent covering or 
vascular graft is non-porous, or substantially non-po- 
rous, it can sea I -off blood flow from defects in the wall 
of a vessel, prevent clot or tissue from protruding into a 
vessel lumen, and provide a smoother lumen for better 
blood flow. However, this may also unduly inhibit or re- 
strict desired healthy tissue ingrowth and re-endotheii- 
alization Vascular grafts typically only allow approxi- 
mately 1 cm of endothelial ingrowth from a sutural anas- 
tomosis site. Thus, any nonporous covered stent longer 
than about 2 cm cannot re-endothelialize and, as a con- 
sequence, increases the likelihood of restenosis. 

Thus, the porosity of the stent covering, or vascular 
graft, presents a tradeoff problem; a porous covering 



may permit healthy tissue ingrowth but may also have 
a detrimental effect of allowing unwanted damaged tis- 
sue ingrowth; and, a nonporous covering may inhibit 
damaged tissue ingrowth, but will also inhibit desired 
s healthy tissue ingrowth. 

Disclosure of the Invention 

The present invention provides a controlled porosity 

to endoprosthesis implant, or covered stent, for use in 
treating a damaged or stenosed blood vessel, reducing 
hyperplasia and the like, and promoting and controlling 
endovascular ingrowth. 

In one aspect of the present invention, the endo- 
ws prosthesis implant includes a stent having an expanda- 
ble frame structure as is known in the art, and a poly- 
meric stent covering. The porosity of the stent covering 
varies along different portions thereof. The regions of 
the stent covering near the ends of the stent preferably 

20 have pores to allow healthy tissue ingrowth and re-en- 
dothelialization. The middle portion of the stent covering 
preferably is substantially less porous than the end por- 
tions of the stent covering, or non-porous, in order to 
encapsulate the damaged or diseased tissue. 

25 When deployed, the ends of the stent bridge the 
damaged or diseased portion of the blood vessel and 
have an outside diameter slightly larger than the inside 
diameter of the blood vessel. The porous portions of the 
stent covering promote healthy tissue and capillary in- 

30 growth near the ends of the stent, which helps keep the 
stent from migrating, and promotes re-endothelializa- 
tion along the entire length of the endoprosthesis im- 
plant. The less porous or non-porous portion of the stent 
covering helps prevent the diseased segment of the 

35 vessel from travelling to the newly formed intima by en- 
capsulating it between the vessel wall and the stent. 

According to another feature of the invention, the 
porosity of the stent covering may be especially fabri- 
cated from fibers or a continuous polymeric sheet. The 

40 fibers may be knitted, woven or braided to achieve one 
desired porosity near the end regions and a different po- 
rosity in the middle portion of the stent covering. Alter- 
natively, different porosities may be achieved by using 
a polymeric material in which pores are formed by tech- 

45 niques such as laser drilling or by dissolving portions of 
the covering by chemical action. 

Thus, in one aspect of the invention there is provid- 
ed an endoprosthesis implant comprising a stent having 
an expandable frame structure and a stent covering dis- 

50 posed on the stent. The stent covering includes first and 
second regions each having a plurality of pores which 
define a first and second porosity, respectively The 
pores in the first region have a diameter of about 30 to 
about 120 micrometers. The second region, which has 

55 fewer pores or smaller pores than the first region, or no 
pores, is substantially impermeable to the passage of 
tissue ingrowth. The impermeability substantially inhib- 
its diseased tissue from penetrating the endoprosthesis 
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stent covering and possibly contaminating the surround- 
ing healthy tissue. 

According to the invention, the stent covering com- 
prises a plurality of woven, braided, or knitted fibers. In 
the preferred embodiment, the fibers have an average 
diameter that is larger than the average pore diameter 
of the pores in the first region. Also, the average diam- 
eter of the fibers is preferably at least about three times 
the pore diameter of the pores in the first region. In an- 
other preferred embodiment, the average diameter of 
the fibers is at least three times the shortest pore width. 
This substantially prevents phagocytic ceils from trig- 
gering an inflammatory response. 

According to another feature of the invention, the 
stent covering comprises a continuous polymeric sheet 
having pores interspersed in the first region. The pores 
are spaced apart a distance of at least three times the 
average pore diameter of the pores in the first region. In 
this embodiment, the second region is substantially im- 
permeable to body fluids. In another preferred embodi- 
ment, the pores are spaced apart a distance of at least 
three times the shortest pore width. 

These and other features of the invention will be 
better understood from a detailed description of alter- 
nate embodimeiits of the invention which are described 
in conjunction with the accompanying drawings. 

Brief Description of the Drawings 

Figure 1 is a schematic depiction of a nonuniform 
porosity endoprosthesis implant in accordance with 
the present invention when the stent covering is wo- 
ven or braided; 

Figure 1 A is a cross section view of the endopros- 
thesis implant in Fig.1 as seen from the plane 1 A- 
1 A in Fig.1 ; 

Figure 2 is a schematic depiction of a nonuniform 
porosity endoprosthesis implant in accordance with 
the present invention when the stent covering com- 
prises a laser drilled or chemically treated polymeric 
sheet; 

Figure 3 is a schematic depiction of a nonuniform 
porosity endoprosthesis implant in accordance with 
the present invention implanted in a blood vessel; 
Figure 4 is a schematic depiction of a nonuniform 
porosity endoprosthesis implant in accordance with 
the present invention implanted in a blood vessel 
conceptually showing healthy tissue ingrowth; 
Figure 5 is a cross section view as seen from the 
plane 5-5 in Fig.1 , conceptually showing the differ- 
ent porosities of the endoprosthesis implant when 
the stent covering is woven or braided; 
Figures 5A to 5E are cross section views as seen 
from the plane 5-5 in Fig. 1 , conceptually showing 
alternative different porosities of the endoprosthe- 
sis implant when the stent covering is woven or 
braided; 

Figure 6 is a cross section view as seen from the 



plane 6-6 in Fig. 2, conceptually showing the differ- 
ent porosities of the endoprosthesis implant when 
the stent covering comprises a laser drilled or 
chemically treated polymeric sheet; 
s Figures 6A to 6E are cross section views as seen 

from the plane 6-6 in Fig. 2, conceptually showing 
alternative different porosities of the endoprosthe- 
sis implant when the stent covering comprises a la- 
ser drilled or chemically treated polymeric sheet; 
10 Figure 7 is a schematic depiction of a braiding ma- 

chine showing an endoprosthesis implant being 
braided on a mandrel. 

Detailed Description of the Preferred Embodiments 

Fig. 1 illustrates the overall construction of an en- 
doprosthesis implant 10 in accordance with a preferred 
embodiment of the invention. The endoprosthesis im- 
plant 1 0 includes a stent 20 having an expandable frame 
structure 22 and a stent covering 30 with regions 12,13 
having different porosities. The stent covering 30 can 
be fabricated directly onto the stent 20 by, for example, 
weaving or braiding the material directly onto the ex- 
pandable frame structure 22, or by disposing a polymer- 
ic sheet onto the frame structure 22 (as shown in Figure 
2). 

Referring to Fig. 3, the stent 20 is comprised of ends 
24 spaced apart a distance greater than the length of 
the damaged region 15 of the blood vessel 16. When in 
its expanded state, the outer diameter of the stent 20 
and the expandable frame structure 22 is greater than 
the inner diameter of the blood vessel 16, effectively 
causing an interference fit 18 between the implant 10 
and the blood vessel 16 thereby inhibiting migration of 
the endoprosthesis implant 10. 

As Fig. 3 illustrates, the endoprosthesis implant 10 
is placed in the blood vessel 16 so its end portions 12 
engage healthy tissue 14 and bridge damaged or dis- 
eased tissue 15 of the blood vessel 16. The middle por- 
tion 13 of the endoprosthesis implant 10 is interposed 
between the end portions 12 and covers the damaged 
tissue 15. 

As seen in Figs. 1 through 4, the end portions 12 
and the middle portion 1 3 of the stent covering 30 have 
different porosities. Different porosity may be character- 
ized by a difference in pore size, a difference in pore 
density or both. Figures 5 and 6 are illustrative of how 
the porosity may differ in accordance with the present 
invention. A particular region 13 may be less porous 
than another region 12 because it has smaller pores (as 
conceptually shown in Figures 5a and 6a), fewer pores 
(as conceptually shown in Figures 5b, 5c, 6b, and 6c), 
both smaller and fewer pores (as conceptually shown in 
Figures 5d and 6d), or no pores (as conceptually shown 
in Figures 5e and 6e). 

As used herein, the term "pore" refers to a void or 
opening in the stent covering material 30. A pore may 
comprise a direct passage through the stent covering 
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30 from the outer surface to the inner surface, or a pore 
may comprise a passage or passages from an opening 
or void in the outer surface of the stent covering 30 to 
the inner surface through a plurality of interconnected 
passages through the volume of the stent covering ma- 
terial 30. In some instances, the pores may not even 
pass all the way through the covering 30. The shape of 
a pore can vary dramatically depending on the nature 
of stent covering 30 and how it or the pore, is formed. 
What is important is that, in the desired portions of the 
covering 30, the pores provide a lattice for tissue in- 
growth allowing cells and blood vessels to travel and 
grow into and/or through the stent covering 30. As such, 
it is the porosity of the as-deployed stent covering 30 
that is important since it is the as-deployed pore spacing 
and dimensions that control the type and rate of cellular 
ingrowth. 

In the case of the present invention, the most im- 
portant pore parameters are pore diameter which, as 
used herein refers to the average diameter of a pore or 
opening at the outer surface of the covering 30, pore 
spacing, which is the average distance between pores 
or openings on the surface of the covering 30, and the 
smallest pore width, which is the smallest dimension of 
a given opening at the surface of the cover 30. Pore di- 
ameter is important when relating the relative size of 
pores in one portion of the covering 30 as compared to 
the relative size of pores in another portion. For exam- 
ple, on average, the pore diameter of the pores in portion 
12 can be characterized as being larger than the pore 
diameter of the pores in portion 1 3. Thus, when charac- 
terizing such a stent, one can say that the average pore 
diameter in portion 12 is larger than the average pore 
diameter in portion 1 3. Pore spacing is also important 
when relating the relative degree of porosity in different 
portions of the covering 30, because two portions may 
be more or less porous either because the pores in a 
given region have different average pore diameters, or 
because the pores are spaced closer or farther apart, 
or both. The corollary to this is. pore density since, if the 
pores are spaced farther apart in a given region of the 
covering 30, the pore density in that portion will be less, 
and vise versa. 

While pore diameter is an important parameter for 
describing the relative size of a pore in different regions 
of the stent covering 30, and will generally suffice to 
characterize the desired sizes of most generally regu- 
larly shaped pores, e.g., circular, polygonal etc., the 
shortest pore width is an important factor effecting how 
the stent covering 30 and pores will interact with the sur- 
rounding physiological environment. The surfaces of the 
covering material 30, whatever their size or shape, pro- 
vide a guide for cells to grow on, and the pores both 
create and provide access to these surfaces. However, 
in regions where either the pore diameter or the shortest 
pore width is greater than about 150 micrometers, 
dense cellular ingrowth is less efficient. This is because 
the distance between the cells or tissue in the center of 



the void and the material surface is too large, and results 
in less mature connective tissue penetrating the stent 
covering 30. Conversely, in regions where either the 
pore diameter or the shortest pore width is less than 

5 about 30 micrometers, the void may be too small to allow 
cellular ingrowth. Thus, in regions where the stent cov- 
ering 30 is intended to promote tissue ingrowth and re- 
endothelialization, the pore diameter preferably ranges 
from about 30 to about 120 micrometers. In pores or 

10 voids having a pore diameter In excess of about 30 mi- 
crometers, it is also desirable that the shortest pore 
width is not less than 30 micrometers and not greater 
than 120 micrometers. These ranges provide for the 
most efficient and densest tissue ingrowth and capillary 

15 infiltration. The ingrowth of cells and connective tissue 
into the stent covering's pores will also aid in securing 
the stent. 

It is to be understood that the foregoing dimensions 
are also desirable inside the pores, in the volume of the 

20 stent covering 30, but that for purposes of characterizing 
the pores of the invention, the dimensions at the surface 
are most readily measured and quantified by known 
techniques, such as by optical microscopy, scanning 
electron microscopy (SEM), water permeability, or bub- 

25 ble pressure techniques. Of course, when the stent cov- 
ering 30 is made from woven or braided fibers, or by 
laser drilling, the pore dimensions and shape may be 
fairly regular, both at the surface and through the volume 
of the covering 30. In the case of fairly regular pore 

30 shapes, pore diameter will generally suffice to charac- 
terize the desired pore. By contrast, when pores are 
formed by dissolving portions of the covering 30 by 
chemical action, the pore dimensions and shape may 
tend to vary more significantly. In this case, the shortest 

35 pore width becomes a more important dimension since 
it affects whether tissue will grow into the void forming 
the pore. The important aspect is that in those areas 
where healthy tissue ingrowth is desired, the stent cov- 
ering 30 has a higher degree of porosity and the pore 

40 diameters, and preferably also the shortest pore width, 
are conducive to such growth: and, in those areas where 
damaged tissue ingrowth is to be deterred, the stent 
covering 30 has a lower degree of porosity and the pore 
openings inhibit or prevent such growth. 

^5 The pore spacing, or average distance between the 
pores at the outer surface of the stent covering 30 is also 
important for establishing how the stent covering will in- 
teract with the surrounding physiological environment. 
Typically, when a phagocytic cell recognizes a surface 

50 to be very large in relation to itself, it will not attempt to 
engulf the foreign material and cause an inflammatory 
response, but rather will tend to proliferate on the ma- 
terial. Thus, it is desirable that the pore spacing be large 
enough to prevent phagocytes from triggering an inflam- 
es matory response. 

Preferably, the pore spacing may range between 
one-half of the average pore diameter in a given region, 
up to about four times the average pore diameter in a 



4 



BNSDOCID: <EP_ 0815806A2_1_> 



7 



EP 0 815 806 A2 



8 



given portion of the stent covering 30. Still more prefer- 
ably, the pore spacing is about 3 to about 4 times the 
average pore diameter in a portion of the stent covering 
30 intended to promote tissue ingrowth. Of course, in 
those portions of the stent covering 30 intended to be 
non-porous or substantially non-porous, the pore spac- 
ing can be infinite. Suitable pore spacing can be ob- 
tained, for example, by controlling the size and spacing 
of the fibers in a fabric type stent covering 30. For ex- 
ample, as shown in Figure 5, by selecting the fiber di- 
ameter to be greater in size than the spaces between 
the fibers, i.e., the pore diameter, suitable pore spacing 
on the surface of the stent covering 30 can be achieved. 

Different porosities may be obtained by incorporat- 
ing multiple fiber diameters, alternative fiber shapes 
(such as triloba!), multiple yarn sizes, or by varying the 
spacing between the fibers. Likewise, they may be ob- 
tained by laser drilling or chemically treating only those 
portions of the covering desired to be porous. Thus, a 
less porous region 1 3 may be characterized as imper- 
meable, nonporous, or solid, because there are no 
pores, or because any existing pores are so small, and/ 
or few in quantity, that the stent covering 30 is, in effect, 
solid or impermeable to body fluids under atmospheric 
pressure, tissue ingrowth and the like in region 1 3. For 
example, an extruded stent covering 30 having pores 
formed by laser drilling, chemical action on the material 
or the like, may include an impermeable middle region 
13 because no pores were formed in that region of the 
covering (as conceptually shown in Figure 5e). By con- 
trast, a stent covering 30 formed by woven, knitted or 
braided fibers may include a less porous middle region 
13 that is essentially impermeable to body fluids or tis- 
sue ingrowth because of the density or tightness of the 
weave, knit or braid. In such an embodiment pores may 
exist at a microscopic level, but the pores are so small 
or few in number that the middle portion 1 3 of the stent 
covering 30 is, in effect, impermeable to significant tis- 
sue ingrowth and the like. 

Figure 3 shows an endoprosthesis implant 10 in ac- 
cordance with the present invention implanted in a blood 
vessel 16. Preferably, the end portions 12 of the stent 
covering 30 are more porous than the middle portion 1 3 
of the stent covering 30. As shown in Figure 4, the more 
porous end portions 1 2 promote ingrowth of healthy tis- 
sue 14. Because the middle portion 13 is less porous, it 
inhibits tissue ingrowth. 

The use of a nonuniform porosity stent covering 30 
provides several advantages. Unlike stent coverings 
having uniform porosity, the nonuniform porosity stent 
covering 30 can control tissue healing response and op- 
timize endovascular ingrowth by customizing the place- 
ment and amount, e.g. pore size and/or pore density, of 
porosity on the stent covering 30. Thus, the present in- 
vention promotes complete re-endothelialization of long 
stents and reduces the likelihood of intimal hyperplasia, 
rendering improved vessel patency. The porosity of the 
end regions 12 is adapted to permit healthy cells, cap- 



illaries, and tissue 14 to penetrate into and/or through 
the stent covering 30, creating and maintaining a 
healthy intima 55. As shown in Figure 4, the diseased 
segment 15 of the blood-vessel 16 is prevented from 
s travelling to the newly formed intimal lining 55 by its en- 
capsulation between the blood vessel wall 56 and the 
less porous portion 1 3 of the stent covering 30. 

As alluded to above, the stent covering's pores may 
be filled with a material, such as a drug or protein, to 
10 further control the type of tissue penetrating the covering 
30. Anti-platelet and anti-thrombotic agents such as 
heparin, aspirin, or ticlopidine, may be embedded in the 
pores. Anti-sense, nitric oxide, growth factors, and other 
agents, may also be embedded in the pores. The agents 

15 may be embedded alone or incorporated in another me- 
dium, such as collagen, albumin, or gelatin. 

Endoprostheses implants may also be used in oth- 
er, non-cardiovascular passageways and ducts in the 
body, such as the bronchi, esophagus, and biliary ducts. 

20 A nonuniform porosity stent covering 30 according to the 
invention can be adapted to be used in any passageway 
where site specific tissue ingrowth, re-endotheiialization 
or the like is desired. For example, strictures of the bil- 
iary duct caused by a tumor may utilize a stent to open 

25 the stricture, but the tumor cells can grow through the 
stent frame and occlude the duct. A nonuniform porosity 
stent covering 30 may be used in such a case, whereby 
the middle portion 13, having minimal or no porosity, di- 
rectly opposes the tumor while the more porous ends 

30 12 of the cover 30 are fixed by healthy tissue ingrowth 
1 4. In this way, the cancer ceils 1 5 cannot easily migrate 
through the covering 30. 

A nonuniform porosity stent covering 30 can be pre- 
pared from any suitable biocompatible polymer material 

35 known in the art, such as PTFE, polyethylene tereph- 
thalate, or silicone, because, as known in the art, they 
are substantially inert, biocompatible, resilient, and pos- 
sesses long-term durability and healing performance. 
Preferred polymers are polycarbonate poiyurethane, 

40 such as those manufactured by PolylVtediea Biomateri- 
ais, Inc. under the trademark ChronoFlex or by Ther- 
medics, Inc. under the trademark Carbothane. The pol- 
ymer can consist of an extruded tube, a continuous pol- 
ymer sheet connected along opposite edges, or a braid- 

45 ed, woven, or knitted fabric, or other fiber matrix. Typi- 
cally, polymer fabrics consist of multifilament yams, 
each yarn being composed of from about 25 to 100 fib- 
ers, and each fiber ranging from about 10 to 20 microm- 
eters in diameter. The selection of yarn will naturally dic- 

50 tate the resultant mechanical properties such as percent 
elongation, fatigue strength, burst strength, and perme- 
ability to water. The selection of suitable materials for a 
given stent application will be apparent to those of ordi- 
nary skill in the art in view of the instant disclosure. 

55 The stent covering 30 may be disposed on any suit- 
able stent having an expandable frame structure 22. 
Most stents have either a self-expanding, balloon ex- 
panding, or thermal expanding metallic frame design. A 
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preferred stent is disclosed in U.S. Patent No. 5,01 9,090 
to Pinchuk. Another suitable is manufactured by John- 
son & Johnson Interventional Systems under the trade- 
mark Palmaz. Such stents are available in differing siz- 
es. For example, stent lengths may be about 1.5, 3.0, 
5.0, 7.0, or 10.0 centimeters. The expanded diameter of 
a stent may have a range of about 4 - 7 millimeters di- 
ameter or a range of about 8-12 millimeters diameter. 
In the case of the balloon expandable stent, the stent is 
manufactured to have an initial diameter smaller than 
its expanded diameter and a little greater than the un in- 
flated balloon diameter. Stents can be expanded to any 
diameter in the disclosed ranges. Typically, the stent is 
expanded to about 1 0 - 20% larger than the blood vessel 
diameter. In the case of balloon expandable stents, the 
expanded diameter of the stent will generally depend on 
the diameter and inflation pressure of the balloon. 

Any suitable fabrication technique known in the art 
may be used to achieve the desired porosities and dis- 
pose the covering 30 on the stent. If the stent covering 
30 is made of a polymer sheet, the stent covering 30 
can, for example, have pores laser drilled or dissolved 
by chemical action and, for example, be heat shrunk on- 
to the stent If the stent covering 30 is made of a fibrous 
material, then the pores can be formed by weaving, knit- 
ting, or braiding the fibers directly onto the stent. A wo- 
ven material has sets of yam (either warp or weft) inter- 
laced at right angles; that is, one yam runs along the 
length of the stent and the other around the circumfer- 
ence. Weaves typically have strong longitudinal and 
hoop strength. A knitted material has sets of yarn inter- 
looped around each other. Because of this structure, 
knits are typically not as strong as weaves and have a 
tendency to dilate over time. A braided material has sets 
of yam interlaced at different angles. A braid typically 
provides less resistance to longitudinal deformation. 
Changes in the pitch angle between yarns affects the 
hoop strength and porosity of the material. The hoop 
strength of the braid may be increased by constraining 
the ends of the braid. 

Figure 7 conceptually shows a braiding machine 
120 that may be used to fabricate the covering 30. The 
cover 30 is braided directly onto the stent 170 as here- 
inafter described. Any suitable polymer fabric 1 00 which 
has been fiber-spun and wound on a bobbin 110 may 
be selected. Sixteen bobbins 150, 160 are fitted onto 
sixteen carriers (not shown) on a braiding machine 1 20. 
The braiding machine 1 20 has a hole 1 30 for a mandrel 
140 which the sixteen carriers move around in two op- 
posing directions, eight clockwise 1 50, and eight coun- 
terclockwise 160. The stent 170 is crimped on the man- 
drel 140 and passed through the center of the sixteen 
revolving yarn carriers as the carriers rotate at a set 
speed. The stent 170 moves through the center of the 
rotating bobbins 1 50, 160 causing the yarn 100 to braid 
onto the stent 1 70 outer diameter. The braiding mach ine 
120 provides several techniques to control the structure 
and properties of the braid, including the amount of ten- 



sion in the yarn 100, the pitch of the braid, and the 
number of overbraids. After the braiding is completed 
the stent covering 30 may be annealed in an oven at 
110° C to relieve tension in the yarn 100, as well as to 

£ fuse overlapping yarns 100 together. 

In a preferred embodiment, the braiding is per- 
formed directly on the mandrel 140. The mandrel 140 is 
covered with the desired number of layers of poly- 
urethane yam 100 to create the stent covering 30. The 

w covering 30 is then annealed in an oven at approximate- 
ly 80° C for about five minutes. The covering 30 is slid 
off of the mandrel 140 and cut to the desired stent 170 
length. As shown in Figure 8, the covering 30 is expand- 
ed by a wire fixture 1 80 to about 0.2 inch diameter. The 

15 stent 1 70 is placed within the inside diameter of the ex- 
panded covering 30. The wire fixture 180 is then re- 
moved allowing the covering 30 to contract or recoil onto 
the stent 170. 

While the present invention has been described 

20 with a degree of particularity, it is the intent that the in- 
vention include all modifications and alterations from the 
disclosed design failing within the spirit and scope' of the 
appended claims. 

25 

Claims 

1. An endoprosthesis implant comprising: 

30 a) a stent having an expandable frame struc- 

ture: 

b) a stent covering disposed on said stent, said 
stent covering including a first region having a 
plurality of pores defining a first porosity, and a 
35 second region having a second porosity differ- 

ent than said first porosity, said second porosity 
being defined by said second region having at 
least one of fewer pores than said first region, 
smaller pores than said first region or no pores. 

40 

2. The endoprosthesis according to claim 1 wherein 
said pores in said first region have a pore diameter 
of from about 30 to about 1 20 micrometers. 

4S 3. The endoprosthesis according to claim 1 wherein 
said second region has fewer pores than said first 
region. 

4. The endoprosthesis according to claim 1 wherein 
said second region has smaller pores than said first 
region. 

5. The endoprosthesis according to claim 1 wherein 
said second region has no pores. 

55 

6. The endoprosthesis according to claim 1 wherein 
said second region is substantially impermeable to 
passage of body fluids under atmospheric pres- 
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sure. 

7. The endoprosthesis according to claim 1 wherein 
said stent covering comprises a plurality of fibers, 
said fibers having an average diameter that is larger s 
than an average pore diameter of said pores in said 
first region. 

8. The endoprosthesis according to claim 1 wherein 
said stent covering comprises a substantially con- 10 
tinuous polymeric sheet having pores interspersed 

in at least said first region, said pores having an av- 
erage pore diameter and being spaced apart an av- 
erage distance that is greater than said average 
pore diameter. is 

9. The endoprosthesis according to claim 8 wherein 
said second region is substantially impermeable to 
passage of body fluids under atmospheric pres- 
sure. 20 

10. The endoprosthesis according to claim 1 wherein 
said stent covering is substantially cylindrical and 
has opposed ends, said first region comprising por- 
tions of said stent covering adjacent said opposed 
ends, and said second region comprising a middle 
portion of said stent covering interposed between 
said first region portions. 
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Fig.1 
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Fig.5A 
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Fig.5B 
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Fig.5C 
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Fig.5D 
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Fig.5E 
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Fig.6A 
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Fig.6B 
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Fig.6C 
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Fig.6D 
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(54) Controlled porosity endovascular implant 

(57) A covered stent for treating a stenotic region in 
a blood vessel. The stent covering has different poros- 
ities in different regions. In those regions, typically the 
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ends, where tissue ingrowth and re-endothelialization 
are desired, the stent covering is more porous, and in 
those regions were it is desirable to inhibit such in- 
growth, the stent covering is substantially non-porous. 
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